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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CMOS image sensor having a comparator, in which 
current consumption and chip size can be reduced, while reducing offset voltage efficiently, 
and to provide its offset voltage removing method. 

SOLUTION: The CMOS image sensor comprises an image- capturing means 120 for capturing 
an analog signal corresponding to the image of an object, an ana log/ digital (A- D) conversion 
means 220 for converting analog signal into digital signal utilizing a lamp signal, and a lamp 
signal generating means 410 for outputting a lamp signal to the A-D conversion means, 
wherein the A-D conversion means comprises a chopper comparator receiving an analog 
signal and a lamp signal. Further, the sensor has an input capacitor for receiving the start 
voltage of a lamp signal, to induce a voltage having the level of the start voltage at the time 
of reset mode, and to induce a voltage having a level corresponding to the lamp signal at 
counter mode time, in order to eliminate the offset voltage of a CMOS image sensor. 
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(54) Bfi9!0>««H ttimm^mr^CUOS^^^>^TS^(D^y^yhmR^^m 



(57) [ffft)] 

[KJS] CMOS^^^tyf-et7t>> MtiE^ 

M b-r ^ <oxt a Jt«««S:*r-i-a cmo s^t-v 

(t-*«r«lffl UX, T^p ^fH-^er^^^^ft-^lci^i- 
£r^n^-^v^/U (A-D) fi#^2 2 0t, A 

^^fl^A^SHS^a y'<ttMWib, CMOS^f 

So 
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Hu'nET ta^-xv^ nuts 7 LU 

RTME?>:/fBS-«rA*i*n5^3 s"<Jt*MB£, 10 

Fxtbsma-z, mm* * ^^^ct^m 

a CMOS^^ — vHr Vt„ 

HB#iff 2 I nuifet 3 7 '*Jt*fM*tt, v<-x -f ^ 
f^Btfrh ft 5 «ftfi £>Jx»B*B*I» ir . 

x /Hwnwwtc j: i3 f&y» $ tizmm<» * yf-tmm 20 

f ©ItRKH^^t 5 CMO s ^ ^ - v?t y to 

5 fc«><D«*<fc 7^W^>77 ^fe ft 5 7 ^ t f-'IftSr $ 

*i 7>-f s/^>^T-a^ae$ixs«i^^^v'^i:, 

mimm 1 Rfelfi*I»©A^ i: tfj^i: £iSJ*t-5£5 3 7 ^ 
7x£, 

ffufdjg 2 * + (Cig^ $ tL-o ft 2 <fc , 

mum 2 s«sin*s»wAj* ^ tb^j * 

am fEA.tf ^ -v ^> 9 tt , m'nEft 1 7 ^ y ^HtfnMEJB 2 

*s««»<ottj*^je«six5 ^ t *#»<t -raw** 2 

XI* 3 5cEtl<Olfc«jSP.*W-t-3 CMO S >T > — iHr > 

to 

r t n y - r- *? $ ^m&^wz g iSi- a ««f #» * 
iiiiaJKojtttftffi^w-t-s cmo s-r ^ ->Hr 

to 50 



(wflE«<oit<RK1H«r*1-5 CMO S >r ^ - v?ir yf 0 

7 ] 1 idE*<0tt*»«*W-r* CM 

O S — ^ir>t^^i)ic5-t!r-5/c^(D^ife^*5i/^-C, 
HftlE 7 vy«*<Dffl*&¥SJ£ & HifflEAA * -V ^ i-^m 

/E£Sul£t3 s/^itttS^*fBd-li:5y*y h*- K7 

HEf- a y/^ltttSictsjgd-tirSlt^ih*- K7t77 p 

3 ^ ^ • JtKS (^lt5.*^>^^ K 7 7- y 7" ^ ^ ^ 
tf r i SrWa^-r^ltiBSRPttr^-t-SCMO S Y > — it 
irvt0^7ir>y hm^H-^o 
[M*«8 I wifc? 3 y Y r >r >- 
h ft 5»&ffl ©Jx<E WI* , 
WfEx ^ ^ /HBH»« £ 0 * tb-5«»^ 7 4 y t «h 
mk<n**'<is* t ^^ft 5 ^ <k «r»a^ + S»*« 7 
(-iS*fecojt^g^>ft-~rS CMO S^f^-y-fe >tOTh 

[st^3S9 ] jtMriTt n ^-r^M-IS#l: J; «9 
4x S x ^ /w«*»#3 U fe*7 /Htt«r»«+ 

[0 0 0 1] 

"/yv Srfr 5 ltlft*iK«r«-r * C MO S ^ — ^ 
[0 0 0 2] 

z¥mfr<DWM&fm\^x^ *-^&tm u a P t u 

re) nig-Cibot, ^^-CP^^^n/c^^-^ir 
yf^^CCI) (Charge Coupled 
Device) $r#'J^ Lfc t> (F>Xfroti Q Lfrl, i5¥ 
CMOS (Complementary Metal 
Oxide Semiconductor) JStfir^'fllBR 
»lC3Bai-Swi:iC«£or, CMOS h7V^7^^U 

ffl Lfc-r^-^ir^t^^ir^^$nr^^^, coo 
J: 54CMOS-f^-i>tyfft ^CCI)^^- 

^^t«hitmftox, r-r* jviummui 

•&A * ^t^«flEJW±HE»!S«tr# 5 m-F/f 
otfc^ CCD^y-i/ir^tT-^JcOftSlHlltetrJ; 
9ffll*$itJt7to^-f> 5 ^^»«*«cixr 
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[0003] site, x^^/^nEif^^n/tum^v 

(Correlated Double Sam 
pi ing, £IT. C D S 1 1 ^9 ) J^^Si** CM 
O S >f y-v/t (?)^#yn y ^IjSWT'*5o 1*11 10 

^CO^ffit°^-feyU^^<-rir^^-> (b a y e r p 
a t t e r n) i£T U-Y £ tltl ¥9 ir /UT l^f 1 0 0 

20 0^ «stt*ru>r 2 o 0 J:9JMAS^«fff-»^J: 
^»J1»ffl$5 0 0 5*^* /MfflfPW 5 0 0 Offflfflft-* 

iiiort^^^ru-rco^.^ (row) &miRi~z 
t&^&ttiJj-rzv— f--i- y6 o o^bfta,, 

[0 0 0 4] rZT% JttSsST U-f 2 0 Ote, fcf^ir^V 

frZ'H<Dmm\*\tik3&fr{£m. =3 7 j^cor-r p ^ b c 

£jh/fc^^*/Wff*W\ h^ir/L/Tu-f l 0000^7^ 
RK^fflfcfctifc^-i 1 ^<i/7T 3 ooi:»«^5c 30 

yJ~Wf is^BWz.ttoXyJ l"<y7r 3 0 0 £ It 
1ftifc$ft£o ^ ^777 3 0 Oi^te^^tbfcT 5 ^^ 
/Vt^ir/UfHf^CMOS^^-^ytcOf^^/Uffl 

ir, D-f3-y6 0 0it tr^ir/ur w<rci > 
«r»tR LTUs«»r 2 0 0^t e ^ir>Mfi£PMnrt-£ 
J:$l^i-«t8ftSrfT5o 7>^fW4 0 0 

tt, 7 1 d ^7 y/fi^^t L Tltg^r 2 0 0 40 

[0 0 0 5] Hi2(i, ilcoCMOS^^- vHrV-tf-co 
ft y a y ? <D rfi J&> <b fcf * ir /HZ>B5*«-»«r 7* 

El 3 ft, CD S^M^t5fc»(7)iSf @-C 
1^T> N2SO'N3^LWfjCMOS'f ^ 
— v ; ir>^(c^{t5T^D ^fc: 0 ^ir/MK£, CDSM 

sawi-a. so 



[0 0 0 6] £i\ Bl2SrSifigi-Jxtf, Wub^ir^C 

ffifc^ir/W l 0^W*«*i£]t|IH-*Jfc<RS2 1 0 
k. it+S^2 1 ocom^{CctoT7j^>^ (M^-tti*) 

1 oa>£ft£ 0 

[0 0 0 7] -^r, ^Rt^ir^ 11011 Wj'^W 

y* h^Tf— K3 2{^R3/lP$tt^«t£*lS*i-'5e* 
F7>vxnxt £Ih7yv^^Tx^U'7 
* YffAJr- K3 2JcPf]Jjp$n/cfglE^>7 t - h^A^i* 

*&JB££-££y — PT (source fol 
lower) F^^^^Dx^ y-^7*n7h7 
V^^DxOy- Ml y -tr y MtBE^rPPJPi-S JJ ir * 

'^^Sxt, tu^i/ 3 yh7y^^Sxi:j|l^ 
[0008] £i\ #fi^^-fe;n i ocoy-fe 

y h h^V^X^Rxi^-VtV (t u r n — on) 

felf'7y^^Tx^^-yt7 (turn- 
off) £ti, tu^->ayh^y^^Sxtt^-y 
ty^x, y ir v y u-</n^^i-s{S^it^§S2 
1 0<59iE ( + ) A^^i-ATJ^n, mi&tt<V9>7"1g 
#^Jt(ft»2 10«)ft (-) A^^{-A^$H6 0 - 

it«*2ioii, A^$nfcr^m^-^§lt^#tt«c 
LTs IE ( + ) Ayjffij{CA./J^ti7t yir-y K-</H:^ 
^i-^W^-^EEJ: 19 7>-^«-§-^(g< 7> 

10{;sCit-5 o y>77f^-^fi, ^ay^|:(fcr- 
(«#) S-frU 9MBI(-*EE^«<ft*fi-* 

[0 0 0 9] f^^/v^-Kd ^1 #0<^)y v^fS-^- 
*sffl^i*ixJxtf.**^^ (H^-tiri") ^ny^W? 
>5^>^SrH«rLTJt«»2 l 0 J: t) ttJ^lB*^ffl* 

^t57^f7 U-TirA-3 1 0 icjEM-f Z> Z irtcft 

A' Mtt^ ^ yf^ v^^n/cx^^/HS^y y 5 ^ 
7U^t;i/3 1 0ic»*i--5C(!:*cftSo 

[ooio] ^v^-e, ^fifc 0 ^-fe/n i ooDty h h 

y >*Jx# R x — >a|-7 fclh^y^^T 
x i:ir u# -> 3 y h S x hfr#~ 

7 1 h k 3 2 t w^<^!ji ^ i: 1 
&m&-$-z>o z<»ia& s 7^h^f.t-K3 2T^e$ 
ti^«w^a*^mLr^^^7^-^*/E^jt«s&2 i 

ocdiK ( + ) A^«t-A^$ti, S2S0«7y 
^W2i0^ (-) A.7jSBJcA***fCJt 
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[ooi i] r=>m Jiztiz 4 

K*±-*-a #a 0 i3i:^t7>7°{a 

8-<n *) »l#BW7^fi 5-«# b'* ir;U£ y ir y 
b $ -ttfcl^tc tr * ir /M* mfi-tZ ^tflE £ — |W 5 7- 

[0 0 12] ISUfiJu M'S'W^ltiRSg<50NKWr^So 20 
Wa%Ufcjyft*tt, CMOSj6ft*PMB*^>«**«fflU 

6 0 ii«JccMos*»*t*g*tt, tk«W*%i^7-fe 

y h (offset) SKf LTfc^ CMOS-Y * 

b H EE * ^ X K V H ^ S 4 5 W £ # i~ Z> Z. t \ z. tt 5 it ft s 
(Fixed Pattern Noise) <t LT*& 

[00131 i5li 11^7-1' 7r 3 0 0<D~? 

w?mwmxih%> Q mBz^m-tnu, tocds 

k-fZ Wit 0 ^ir;u— y^-t^v^ftC 
■C*)So Sri* ft 5fc y 

[0 0 14] ^LT, "^.S^^^y >>y<Dtztb(DMma 

(static) astsrit^xsn-rfcft. *;jiH*a** so 
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RWF-CifttH-Sat*, m^^^v (Dyna 
m i c Range) I ^ftffiffl±<OMIS^ 

if tf>»g\ -Pis'?}) >y<ntttf>£< <T)# r* y 
[0 0 15] 

3Bie*cDtSW«)«JIBjft^«*T 4 $ nfc fc -e *> o T , 

[001 6 ] 

(-4 J: -6 lt«IS« « cmo s Y ^ 

[0 0 17] ±|BNW«rafritrs^ft«-*$Hfc 
l-Cl i ^ tb «f5CMOS^^^ir>f 

t^CMOSY^-v-tryf-Mi^^fc^^J: 
ir-/ bmii^MIH^a y^it+^^m^iira ]) ir ^ h 

[0 0 1 8] *#HjJ^, v?ir>i^^e c ^ir^^ 

fcte ffl ^titi fc^v* ^ ^tnsitra ^ tifcr-S-y-v^ y 
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(Correlated Double Sa 
mp l i ng) «rteffl-&1\ ri-o^«iSi*iaStu*:Zl 

[0 0 19] *$8WZ*5^T, T^rr^ffi^if^^tl-Tt 
k'n^^tHA$ix57tD^^7ty Miff 

T\ ^^«b^f^^;^i t^^^T^i: ^ , (nl 
l«Sr*&{-tt*tc«jjt+Sr CMO 

[0 0 2 0] *^W<50Jfc«RKBti:s A^^ir y 20 

£3^3 yyNfg (Chopper type) S/KitR 

A 7J it }C co # SHx o/:^ 83 » 4£ 
[0021] 

Sf$CMOS>f ^irVlh^^^co^-^ir ^ S®E 30 

tt»tt-o«A^*«7-V n , Vp^tfcKy- KA £ 
S2t IH^W I N 1 WSH>^^ I N 

SSl^V^C 1 ^-TV*— * I N2M 
2-T V/<-* I N 2Wl^m%k$tltz%$4X'< j/fS4 40 

b ft 6 « 2 Xf- v> 2 0 J; 9 tSjfc S n So ^ C T% 
ffc'i c 1 fit, !Bi v?i o<o#9>7 

(C 1 amp) HJ££, S2^^^V^C2(j:f 2 xf 
— ^2 OCO^yvymJE^^KBei-^o 
[0 0 2 2] [21 7(1. ^9^«fH«:lBetS^W<- 

#a*5„ wiitLtzX pic, y/<fflJt*E»tt, MOS 
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2, S3, S4«i^\ rtD»6\ Igffi^fVv^ 
-> 3 >- (Inj ec 1 ion) ^l:J:ot, Kfi«>»rf: 

[0 0 2 3] *3Sl^*-*-J:9U % 
Sr*#<»W-i-ixtf, h«BE«r$ (bfc/J^ < » 

[*a£l ] Vof f se t=Vth/ (Ai X A 2 ) 

W!:^dv^^ L#v^tgjEElft£\ A. MA 2 li 
2^^-v ? cofiJ#^^^<i-SiJ^[ElKS5ft±, Jf>Mr 

A*Blc«b-Tw S J: 9 (eft 

So 

[0024] i8it ^^co^ w*— mmmcxz 

if, it^2 2 0, »fi^t;H2 0, 

f-^X ^'Ml^ff^t'S;*^^ 5 1 0 (CMOSV 

^ - >?ir >- * co # *\* m ma\<> & & \c * < $ n 

ri^ 3 ::x\ tt&&2 2on^a y'*WMSt&<n? 

So 

[0 0 2 5] H9li, USiC^^H^ctt^cS^i^J^^^ 

0 <omft&x =r v -sm \z.mn -r % Q sss— ^ x > y t? tr ^ 

ir^vi 2 OcOUir^ h u^yucO'Sn:^^-^^^^^ C 3 M 
»*L, »2 ^x^^Tt^ir^l 2 0<n*B$7*--*fi 
a^t5fE^^r^^^C2mil, C2t C 
3^P^uy-c^J5^^7>'^$ii-'C^-^^ 0 ^^C 1 {r-^r 

cosb^^ioitsiajE^t^-rso jfci^, «37f^ 

/T7>yiH^-Mi4 1 0 ^r^^V^ 5 1 OsWHlfML 
T, _10(D7\^lfa^-V Vr amp^Jt^Uct, it 
<S$tbfc^m^7y^^3 2 otdftW-t-^o M9l-# 

[0 0 2 6] ^ 1 (reset mod 

e) Sr^i-So eih7>"^^Tx^^-yt7^ 
>l:t7f>f>^L, tu^->3>h7y^^^Sx$: 
V r e s e L^y-^7tn7 FyV^^Dx^- h 



(6) 



#fffl2 002-218324 



9 

"^ft*^ 'Vp=V r e s e L-V t h' 3&^fi$tb 

^<t(Clft5<0T\ SbJCjEflMCl* 'Vp=Vreset 

- (Vth+Voff set) ' <W<c£o — 2n K 
N2Cli7yy§%«4 l OA^WA^JiS?^ 

KEEV r a m pG>BMMtEEV start 2*^0 £*t5o 
^oT, roOigr^i^f^;, 'V r a mp = V start' 

[0 0 2 7] *y-y^fX^ *4 y^S 1 , S 10 

2is*jr>ZtiX*\'**/#Q 3^TiE»^2<7) i -;ft« 

[$Cj£ 2 ] V c 3 = V r e s e t - (Vth+Voff 
set)— Vs tart 

10 0 2 8] &V^T\ $2Xf77 , (chargc t 
ransfer mode) X\% y ± 12 0 

^^7 f -^«s^st^-t-s«E^itUtSi2 2 o^PMn-r 

>.t>Lt, 7* h#4Jr— KPDCJ: »?«£$;h,fc« 20 

60 r hWEWU 'Vpixel' £ft£> 

fc#>, / — KN 1 ooHT+tt 'Vni = Vpixel - 

(Vth + Voff set) ' \7t\ 2fl§G0;* 

>f^f S3, S y^V^tlTt 2«^^- 

^ I Nl, I N 2<7)f|]f^(r|Ra-t-S«E«:^^^^^ 
C2, C 3d^jg$;Jx5 J: ■9«--rSo ^^C2, 
C3|C#je$ix5*ffitt, 'Vclampl' , 

* V c 1 a m p 2 ' ft <5 a 

[0 0 2 9] ^r.T% S1#$1.^fi/7 C ^^ 30 

il^x^f y?-*>$tlXl^tztfK *V<^#C 2^ 

mF.^r^^ii:6fc^ic^-f* y^S l , S3, S4(iE 

[3^3] Vc2 = Vp i x e 1 - (Vth+Voff 
set.) — Vclampl 

[3&i£ 4]Vci =Vclampl-Vclamp2 
[0 0 3 0] S 1 1 1 2 ^ f 7 -/(Dft^^riltHlf , 
3$ 1 ^T 1 s/^^^ol^T^-y/^v^^ C3C 'Vreset 40 

- (Vth + Voffset) -Vstart' <T>W£ 

^C2C 'Vpixel - (Vth+Voffset) 
-Vclampl' (D&IEtf^i/yy >?istiZ> 0 ^ 

[0 0 3 1] JS3^fy"/ (count mo 

de) K&l^T, 7>^fiT*±l««4 1 0^e>W-/j**t 50 
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^^>ym^-^¥&t^ir/n 2 0i:i:M$t^tJi 

SI, S3, S 4 35S^#tSg(C*>-5^«), C 
1, C2, C3^«JE*i*«l.^r««F$n-5o 
[0 0 3 2] ;i f W^-^ 1 NKOA^It 

2 t»S:3 4rftArtttf, Tfti4>$a£6 £ft<5 0 
5^y«ti*»4 1 OTl^DttJ^^ttSyV-ytSJEVr 
ampWlMJi'^ 'Vstart' XhZtzfr, Ctl 

[$fo£ 5 ] V n n =Vr amp+Vca — V c 2 
[$C$£ 6] V n 3 = V r amp— V s ta r t+Vr e 
se t — V p i xe 1+Vc I amp! 

V k a =Vrc sc t-Vp i xc 1+Vc 1 ampl 
[0 0 3 3] JifB^ 7 £ffiP^i-*U±\ V c 3 t V c a 
(C^tCLrV^cV thiVof f set kfr$&£$tlfc 

T\ ftoTV>5ttl±, 'V r c s c t -Vp i x c 1 ' 

Xfr> Z> & „ c co ffi n ftr-t-o^tr^-fe y Ut" : r — * « £ 
^-T 0 It, igJEEV clamplfl^W >v<— ^ 
I N 1 (Dty}iM&X2b%>1ttb, SUy/^-lNl©A 
**JEAS f Vc 1 amp 1' £ ft £ BtmtfltttllftlH ^ * 

^3 2 0*f»d«ftA|:95'^*-^(|*L a 
tch_EN^Hi ghlCir^f-fy/^iX, 7 i^fit 

'P~i~Z>ZkiCff-iX, -/^fttC7J^>^ 5 1 o<n 

[S5C5^ 8] Vramp = Vs tar t~AV 

[0 0 3 5] **8**^6^«;A"*-ixtf, KH>^ 

[ft^ 9] V n a = (Vreset— Vpixel) - 
A V + V c 1 a m p 1 

7>7°{s S-i- J: 9 ^ 9 A V tt^Wlra-t- o^^(-ft^) 
^tffl^Sli§-rtlli 'V r e s e t - V p i x e 1 ' 

lCOA/jllt^ 'Vc 1 ampl' <t ft 6 £ [eJf^MlSJ 2 

>r>.^— * 1 N 2£OA;^JEt>»i£ffl±T&3 4 Vc l 
amp 2' kte^X >s<-?J)mft&iZ.foZZ 

[0 0 3 6] r(OH*jftiUt(ft$n-5»W"C*i>9, r<^)# 
y /^^^ L t ^ ^ j:f ^ ^ ^ ^ ^ 
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gill (ground) Cl^^o ZOl&OlZVotf 

ft M $ n fc * a * ir A-co t*- &\z.£Z>7 £ i/& M& 

J&^i^/UMIWfflJ (Ull CO 5 0 0) !c4sffi$*L«*-C« 

[0 0 3 7] 1»iBLfc<fc 5*=, *«W<&Jt*38IRra\ 1* 
«t$H5BHIl^l:«i, »2^y/WiNU IN 
2 fc:i8wfcWtf*L3 J: ?ic&5coT, y y^igitfa* 

i s t /u if v * co -c\ -± ^ m ; j m « & ± m \ z. m -r % ^ t 
7^m^£j#au i o^^^^tt-si-^-iHico^^ 

Ktf a ^ co t-± flc^ 5/ ^» ^«*. ft *) , 7* * >v 

yir^ h u^/ViOfii^^^^^Mir^^LT^rcoM^:^ 
»jW-t* a v ^co T\ £fr y <o*:£ $ £ ^>tc 

[0 0 3 8] ffi, 4:^13, 4^H*fe^Jl-P5btbSfc<0-e 

fi^o^ a *»«^a#w«H^&iftttL*t mmftx& 

*tt!4CMOS>f ^ir^^*3ttStk«»*Wi 
[0 0 3 9] 

S^tSCMO S >f ^ - ^t>f &^00.t7t y h 

>vm^n^xm^\^^^^mizwtii-r^^ry±^ b 



M-py^y ^f&'rro zklcx^x, cmos^^-v' 
>^£-fT? CMOS Y ^ir^f-J: »M^i>i5i«"C3l 

[Bi!ffw*f*ftttffl] 

[Mi ] ^^c^7 r ^^^^}$^.^^/---s^>'^y > 

^ (CDS) M^JIt^CMOS^y- v > -fe>^(7^ 

[H2I IICOCMOS^^- s^r^iro^fWKjjfcyo 
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